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To realize the full spectrum of advantages that GaN materials system offers, demonstration of p-GaN based devices is valuable. Authors report the first p-field effect transistor (pFET) based on AlGaN/GaN superlattice (SL) grown using MOCVD. Magnesium was used to dope the material in the superlattice. Lowest sheet resistance of 10 kΩ/■ was achieved for doping of 1.5x10 19 cm -3 of Mg (determined by SIMS). Mobility in the range of 7−10 cm 2 /Vs and total sheet charge density in the range of 1x10 13 -6x10 13 cm -2 were measured. The device had a maximum drain-source current (IDS) of 3mA/mm and On-Resistance (RON) of 3.48kΩ.mm. 2 After revolutionizing the optoelectronics industry with advent of efficient solid-state lighting 1) , Gallium nitride (GaN) materials system for electronic devices is at the forefront of realizing the needs of next generation communication systems, power conversion and energy conservation, thus enabling compact and affordable electronic systems (2) (3) (4) (5) (6) (7) (8) (9) (10) . The main reasons for this include: (a) Wide-bandgap of GaN (~3.4eV) and III-nitride alloys, enabling higher breakdown voltages 11) and (b) built-in polarization field leading to very high mobility and charge in two dimensional-electron gas (2DEG) 12) . But, to tap into the versatility of CMOS-based ciruits using this materials system, fabrication of hole-based devices in GaN is needed. Complementary MOS (CMOS) based on GaN has the potential to adopt Si based CMOS topologies, and can be used to realize very efficient gate drivers and high-voltage DC-to-DC converters (13, 14) . (15, 16) ; (b) Deep nature of acceptor dopant -magnesium (Mg) -in GaN (160 -220 meV), (17, 18) ; (c) MOCVD grown p-GaN material, like the one in this report, in the asgrown state has the acceptors passivated by hydrogen, and needs annealing at a high temperature (here, 825 0 C) for activation 19) ; (d) Making ohmic contacts to p-type GaN is challenging because of the high p-GaN work function at typical doping levels 20) .
Due to the above listed challenges, p-FETs have received significantly less attention compared to GaN-based HEMTs with most of the works happening in the recent years (8, (21) (22) (23) (24) (25) (26) (27) (28) (29) . In this report, we present the first p-type FET based on Mg-doped p-GaN/p-AlGaN superlattice grown using MOCVD. Based on an existing p-MOS from literature 27) , the OnResistance (RON) of the device can be modelled as
Depending on the design of the device structure, use of p-GaN/p-AlGaN superlattice(SL)
can help reduce either the R access or R channel of the device. Application of periodic oscillations to valence band edge can help increase the doping efficiency of acceptors in ptype III-nitride material 30) . With polarization effects aiding the process, SL leads to the necessary valence band edge oscillation by using alloys with varied valence band edge positions 31) . As demonstrated by Kozodoy., et al, use of SL leads to increased overall hole concentrations as it facilitates ionization of deep acceptors in barriers into the valence band of the narrow bandgap material (here, GaN) instead of the wider bandgap (here, AlGaN) 32) . 3 Our work uses GaN/AlGaN SL as the active layer in the p-channel FET. SL also gives rise to 2DHG and GaN/AlGaN interfaces, thus leading to improved mobility values in the channel, and reduced resistances. Figure 2 shows the plot of sheet resistance as a function of activation temperature. Optimum activation temperature was found to be 825 C and was used for all the further samples processed.
Room temperature Hall measurements were carried out on the grown superlattice samples. Mobility was also invariant as the SL periods were varied from 4 to 10. The hole density, ps decreased as the magnesium doping was increased. This behavior may be due to the selfcompensation and/or formation of clusters at high Mg doping 33) . ps increased as the SL period was increased from 4 to 7 and but slightly decreased again when the SL period was increased from 7 to 10 SL periods. All the SL periods in the 10-period sample may not be contacted, leading to an effectively lower charge than expected. TLM measurements were carried out on the samples without isolation. Results are in Figure 5 
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